are typically synchronised between sensory modalities. when the modality of the target stimulus is unpredict-A common pattern of neural activation during multimodal able. Critically, the authors also found that when a cenorienting therefore has two possible explanations. First, tral arrow cue predicted the location of targets in just all of the activated regions might be recruited during one modality, attention was nevertheless oriented in orienting to targets in all sensory modalities, consistent both modalities (see also Spence and Driver, 1996) .
Figure 1. Typical Display Sequence for an Invalidly Cued Trial
Note that the cue predicted the target hemifield on 75% of trials. In this example, a left cue is presented for 300 ms, followed by a visual target on the right. On each trial, participants decided whether the target occurred in the upper or lower location, irrespective of the hemifield or modality in which it was delivered. On 66% of trials, a 300 ms train of TMS was presented synchronously with either cue or target onset. On the remaining 33% of trials, no TMS was administered.
orienting of attention within systems that are mutually the target occurs. Alternatively, if the neural circuits that control spatial attention are modality specific, then disengaged but are anatomically independent (e.g., areas A, B, C, and D activated; areas A ϩ B recruited specifiruption of distinct cortical regions should yield distinct effects on orienting to visual and somatosensory events. cally for visual orienting; areas C ϩ D recruited specifically for somatosensory orienting). These interpretations cannot be logically differentiated using fMRI or Results and Discussion ERP techniques, because neuroimaging paradigms are unable to reveal which brain regions are necessary for Behavioral Verification of Cueing Task during Sham TMS supporting specific behavioral functions.
We tested the existence of a supramodal attentional Performance during active TMS was compared with a Sham-coil baseline. During Sham, the TMS coil is orinetwork using event-related transcranial magnetic stimulation (TMS). During TMS, a time-varying magnetic field ented perpendicular to the scalp, mimicking the usual artifacts that accompany coil discharge without inducis discharged on the scalp, inducing a local electric current in the underlying cortical tissue (Walsh and Coing an electric field in the cortex (Walsh and Cowey, 1998). To establish the validity of the strategic cueing wey, 1998). As a neurodisruption technique, TMS can reveal which cortical regions are crucial for specific betask in the presence of coil artifacts, we initially analyzed the results for the Sham condition separately. Central haviors. Furthermore, by synchronizing the onset of TMS to task-relevant stimuli, this technique can establish the fixation was monitored on all trials to ensure that attention shifts were always covert (see Experimental Procerole of the stimulated cortex at different stages of processing (Chambers et al., 2004) . dures for details).
The dependent variable in all analyses was the reacWe assessed the supramodal attention hypothesis using a similar behavioral paradigm to Macaluso et al. CueTMS, TargetTMS). A positive cueing effect thus indi- Table 1 . Cortical P95f monitor, against an isoluminant background of uniform gray. sites were localized in slice and 3D-rendered brain scans using Somatosensory stimuli were delivered via TDITAC electromagnetic MRIcro imaging software. A magnetic tracking device (miniBird 500, tactors mounted in brass frames on either side of the visual display.
Ascension Tech) and MR coregistration software (MRIreg) were Gaze direction was monitored on all trials with an ASL504 remote used to coregister the neuroanatomical sites with the scalp surface. infrared eye-tracking system. Trials in which gaze deviated more TMS was delivered via a MagStim Rapid system (MagStim Comthan 3Њ from fixation or in which eye blinks occurred were discarded. pany, UK) and 70 mm figure-of-eight induction coil, fixed in position The fixation stimulus was a black cross (0.6Њ ϫ 0.6Њ) at the center using a holding clamp and tripod. For each site, the coil was placed of the visual display, presented at vertical eye level. All displays tangential to the scalp surface, with the virtual cathode over the included four black placeholders (2.1Њ diameter) on either side of region of interest and the handle oriented toward the vertex. fixation (17.7Њ), above and below eye level (3.4Њ). The cue stimulus consisted of two black arrows (2.7Њ ϫ 1.3Њ), both pointing left or right. To prevent occlusion of the fixation stimulus at cue onset, Acknowledgments the arrows were presented immediately above and below central fixation (0.9Њ). The visual target was a monochrome sine wave grating This work was supported by grants from the National Health and Medical Research Council (J.B.M. and C.D.C.). We thank P. Smith (3.0 cycles/deg, 16% contrast), and it appeared within any one of the four placeholders. The somatosensory target was a vibrotactile and J. Driver for helpful discussion, and we thank M. Rademacher for technical assistance. pulse (square wave, 25 Hz) and was delivered to the thumb or index
